Abstract: An analysis of the energy use in the Mexican residential sector is carried out. To achieve this, two approaches are taken into account. The first one is the usage of low-energy devices, and the second one is the decrease of their time of use. These two approaches are considered in the calculation method with random values of power and time of usage. The energy activities are divided into air-conditioning, illumination & appliances, and refrigeration. After total annual use is validated with the actual values of energy use in 2015, a sensitivity analysis of the approaches used separately and together is carried out in order to determine the potential of energy saving. Thereby, it is found that the most influential parameter for energy saving is the extensive acquisition of more efficient technologies of illumination & appliances, followed by the decrease of use of the same illumination & appliances. Furthermore, with an integrated approach that takes into account both the use of efficient devices and the reduction of their use for the three energy activities, a maximum of 19.67 TWh is calculated in 2015 for the Mexican residential sector. This approach is therefore expected to have a reliable basis for the development and improvement of policies that help to drive energy savings in an extensive manner in Mexico.
Introduction
The energy transition process is a global action to counter climate change [1] that involves the switch from fossil-fuel-based electricity to renewable sources, the use of low-carbon technologies in sectors such as transport and industry, and the application of more energy-efficient processes, among other strategies [2] . Furthermore, according to the Intergovernmental Panel on Climate Change (IPCC), the building sector is an important target for addressing climate change because it accounts for almost 40% of the total energy use, contributing almost 25% the global greenhouse gases emissions [3] .
Thereby, in the building sector various approaches have been applied in order to fulfill the different international protocols and agreements combating climate change such as Kyoto, Cancun and Paris [4] . Among these approaches there are the use of on-site renewable energy, codes for the building design, and the development of passive cooling/heating systems [3] . Of these approaches, one of the most important is the regarding the behavior of the occupants in terms of the handling of HVAC&R (heating, ventilation, air-conditioning and refrigeration), illumination and appliances. This is important because, for instance, studies have found out that operation by the users has more influence for HVAC&R performance than climate conditions [5] . Similar results have been found in electrical and gas appliances [6] , claiming that an incorrect operation can represent up to 30% of energy waste [7] . electrical and gas appliances [6] , claiming that an incorrect operation can represent up to 30% of energy waste [7] .
Hence, in order to have a deeper analysis of the energy performance of a building, the occupants' behavior must be taken into account. The randomness of this behavior, however, drives the analysis to the use of stochastic modelling. Various studies have focused on the importance of the occupants onto the building performance, especially the related to the energy consumption [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] and on the stochastic modelling necessary to understand the energy consumption and performance upon buildings [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . Nonetheless, there is not, to the best of our knowledge, any similar study on Mexican buildings, neither analyzing the role of the occupants on the buildings nor developing stochastic modelling to analyze the performance of the buildings.
Mexican Climatic Regions
As the climate conditions are very important for the energy use, especially for HVAC&R, the main climates of Mexico are analyzed here. Four major climates present within the Mexican territory are identified (see Figure 1 ). Arid conditions are predominant in the northern region, dry tropics in the west, temperate conditions are present in the center and humid tropics in the southeast part. These four regions are differentiated by their average outdoor temperature and relative humidity as can be seen in Figure 2 . Figure 2 shows that for arid conditions the average temperature is high in summer and the relative humidity (RH) is low (under 50%) almost all year long. The dry tropic climate presents a similar behavior as the mean temperature in arid regions (low in winter and high in summer) and a medium relative humidity (around 70%) during the year. Temperate conditions have low average temperatures (under 20 °C) and a relative humidity similar to dry conditions. Humid tropics have high mean temperatures (above 25 °C) and a high relative humidity (above 80%) throughout the year. Figure 2 shows that for arid conditions the average temperature is high in summer and the relative humidity (RH) is low (under 50%) almost all year long. The dry tropic climate presents a similar behavior as the mean temperature in arid regions (low in winter and high in summer) and a medium relative humidity (around 70%) during the year. Temperate conditions have low average temperatures (under 20 • C) and a relative humidity similar to dry conditions. Humid tropics have high mean temperatures (above 25 • C) and a high relative humidity (above 80%) throughout the year. Also, the distribution of the Mexican population is given in Table 1 , where it is seen that more than half of the Mexicans live in temperate conditions. Nevertheless, the other half lives in conditions that enforce the use of space conditioning (HVAC&R). Thereby, this paper has the aim of showing the energy performance on the Mexican residential buildings according to the behavior of the occupants, hence calculating the potential of energy saving. The analysis pretends to be carried out upon a large-scale scenario, taking the Mexican housing sector as a case study, and considering the warm climate conditions (reflected in the use of air-conditioning systems). By doing this, it is expected to set up the basis for an extensive use of better practices regarding the behavior of the occupants in terms of energy use and saving.
Calculation of the Residential Energy Use
In order to develop the program of calculation of the electricity use of the Mexican residential sector, an analysis of this use should be applied. This analysis has the purpose of showing the main energy activities in Mexican dwellings and their share of total energy usage. Also, it has the objective of breaking down the two main approaches of energy saving that can be applied by the occupants of the Mexican dwellings (use of low-energy devices and reduce of the time of usage).
The national electricity use in the Mexican residential sector in 2015 was 54.60 TWh [31] . In the same year, a total of 31.37 million of occupied dwellings was estimated by the Mexican National Council of Housing (CONAVI, initials in Spanish) [32] . Therefore, an average daily use of 4.76 kWh/dwelling is calculated in Mexico for the same year.
Regarding the characteristics of the households, according to CONAVI, 82% of the Mexican dwellings have a combination of walls-roof of brick-concrete, respectively, whereas the remaining 18% have construction materials such as clay tile & corrugated roofs for the roofs, and adobe as well Also, the distribution of the Mexican population is given in Table 1 , where it is seen that more than half of the Mexicans live in temperate conditions. Nevertheless, the other half lives in conditions that enforce the use of space conditioning (HVAC&R). Thereby, this paper has the aim of showing the energy performance on the Mexican residential buildings according to the behavior of the occupants, hence calculating the potential of energy saving. The analysis pretends to be carried out upon a large-scale scenario, taking the Mexican housing sector as a case study, and considering the warm climate conditions (reflected in the use of air-conditioning systems). By doing this, it is expected to set up the basis for an extensive use of better practices regarding the behavior of the occupants in terms of energy use and saving.
Regarding the characteristics of the households, according to CONAVI, 82% of the Mexican dwellings have a combination of walls-roof of brick-concrete, respectively, whereas the remaining 18% have construction materials such as clay tile & corrugated roofs for the roofs, and adobe as well as On the other hand, for not air-conditioned dwellings the activities are presented as follows: Illumination & appliances, stove & water heating, and refrigeration. It is important to mention that the stove, water heating & space heating are considered as mostly gas-based activities (thermal energy) in Mexico by the CONUEE. Thereby, the share of total of the energy use are shown in Table 2 . In the study by the CONUEE, space heating represents a very small share of the thermal energy use. Nevertheless, space cooling seems to be a large share of the electricity use. Thereby, for the same year 2015, Oropeza-Perez calculated a use of 11.92 TWh for air-conditioning systems within the residential sector, considering a total of 6.93 million of air-conditioned dwellings [34] . Thus, an average daily use of 4.66 kWh/dwelling is estimated. In the same year, the CONUEE calculated a share of 21% of the total electricity use in the residential sector for air-conditioning. If this is considered for this study, a use of 11.58 TWh is estimated, therefore the analysis can be considered as valid.
Furthermore, the daily use of energy (thermal and electrical) on air-conditioned dwellings is given by the Mexican Ministry of Energy which is 10.73 kWh/dwelling, where 4.73 kWh is used for air-conditioning [31] . Therefore, air-conditioning makes up 44% of the total energy use of an air-conditioned household, which is considered to be a valid result.
With respect to the average energy use of every activity, this is calculated for an air-conditioned (10.73 kWh/day) and for a non-air-conditioned household (4.67 kWh/day) by taking the shares given by the CONUEE (see Table 3 ). With Table 2 the thermal energy use is calculated at 14.32 TWh/year, i.e., 20.9% of the total thermal and electrical energy, in air-conditioned dwellings is 14% and in not air-conditioned is 25%. Figure 3 shows a break-down of the energy activities within the Mexican residential sector. With Table 2 the thermal energy use is calculated at 14.32 TWh/year, i.e., 20.9% of the total thermal and electrical energy, in air-conditioned dwellings is 14% and in not air-conditioned is 25%. Figure 3 shows a break-down of the energy activities within the Mexican residential sector. In this way, two main type of dwellings are considered: Air-conditioned and not airconditioned. This is considering that in many of the warmest parts of Mexico, air-conditioning systems are seen as being indispensable [33] . On the other hand, although large parts of the Mexico have warm to hot climates, the usage of air-conditioning is not essential in warm temperate zones, where a large part of the population lives (cf. Table 1 ), therefore most of Mexican households are not air-conditioned.
Furthermore, the average power of each activity as well as the average time of usage have been found for Mexican conditions in prior documents by Rosas-Flores et al. and Arroyo-Cabanas et al. [35, 36] . The data is shown in Table 4 . It is important to mention that these values are nationally averaged, and they can vary due to economic, social and other factors. In this way, two main type of dwellings are considered: Air-conditioned and not air-conditioned. This is considering that in many of the warmest parts of Mexico, air-conditioning systems are seen as being indispensable [33] . On the other hand, although large parts of the Mexico have warm to hot climates, the usage of air-conditioning is not essential in warm temperate zones, where a large part of the population lives (cf. Table 1 ), therefore most of Mexican households are not air-conditioned.
Furthermore, the average power of each activity as well as the average time of usage have been found for Mexican conditions in prior documents by Rosas-Flores et al. and Arroyo-Cabanas et al. [35, 36] . The data is shown in Table 4 . It is important to mention that these values are nationally averaged, and they can vary due to economic, social and other factors. In order to validate the energy use analysis, a comparison between the national energy use calculated in this paper and given by refs. [35, 36] is shown in Table 5 . For this, the annual use of both studies was multiplied by 6.93 million of air-conditioning dwellings and by 24.44 million of not air-conditioning, respectively. Thereby, the total of energy use shown in Table 5 is only related to electricity. It is noticed that the figures have the same order of magnitude, and after being compared to the figures provided by the Ministry of Energy for the same year (54.60 TWh) [31] the figures are considered as valid. Moreover, from now on, only electricity is considered in the analysis presented in this paper.
Two main approaches are considered as strategies for saving energy in buildings: The usage of energy-efficient appliances and a proper operation of the devices. Although there are other approaches such as the use of renewable energy and smart grids, it is considered that these are not well integrated in the Mexican framework, where a one-way connection to the conventional national electrical grid is still a common practice for many households [37] .
For calculating the energy saving by applying these two approaches it is considered that the energy unit (Watt-hour) can be separated into two parts. In other words, the use of low-consuming devices would decrease the power (Watts), and a proper handling would decrease the time of use (hours). The decreases can be applied together or separately in order to find the lowest use while keeping a proper performance of the device.
Methodology

Calculation Method
According to Equation (1), the energy use of any electrical device can be estimated by multiplying its power by its time of use:
Thereby, the calculation method is divided into two parts that might take stochastic values: The range of watts of the different devices, and the minimum and maximum time of usage of these devices. In order to calculate the total annual electricity use (TAEC) for Mexico in 2015, the activities within the air-conditioned dwellings (6.93 million) are broken down into air-conditioning, illumination & appliances, and refrigeration, whereas the activities within the free-running, i.e., not air-conditioned dwellings (24.44 million) are broken down into illumination & appliances, and refrigeration. Equation (2) shows the calculation with the respective number of air-conditioned and free-running households in the country:
Equation (2) can be developed to Equation (3):
Equation (3) shows the sum of the energy use for the 6.93 million air-conditioned households and the 24.44 million non-air-conditioned dwellings in Mexico in 2015 depending on the corresponding devices' power and time of usage.
Furthermore, in Equation (3), PowerAC, PowerI&A, PowerR, TimeAC, TimeI&A and TimerR have random values ranged between a respective lower and an upper threshold. These lower and upper thresholds depend on the minimal and maximum values of power for every devices and the minimal and maximum values of time of use for each activity (refrigeration, air-conditioning, and illumination & appliances). Moreover, for air-conditioning and refrigeration only one device is considered for each dwelling, whereas for illumination & appliances two or more devices are taken into account, therefore the value of PowerI&A is an aggregated value of all the appliances and lights of the household. Finally, it is important to mention that the thresholds are independent of each other.
In addition, in Equation (3) it is considered that a percentage of penetration of the two approaches is taken into account, while the remaining percentage still has the conventional practice. In other words, for instance, if the use of low-energy refrigeration is applied to 25% of the air-conditioned dwellings, it is considered that the other 75% has an average power of refrigeration of 190 W (cf. Table 4 ). Thereby, by using the programming software MatLab [38] , the model is developed. In Figure 4 the code of the program can be seen.
From the code shown in Figure 4 a new method that calculates the electricity consumption onto the Mexican residential sector can be displayed. The novelty of the method consists in the use of random values of power and time of usage of the electrical devices and therefore analyzing in a probabilistic manner the energy saving potential. With this, more realistic results can be achieved than those estimated in a deterministic manner, for the "contribution to the reliability of building performance assessments" [39] .
If In this case, it is considered that the level of penetration of the approaches is 0%. Nevertheless, this is not true since there are already dwellings that use low-power devices and reduce the time of usage. There is no data availability, however, of the percentage of application of the approaches. Hence, it is decided to take the averaged power and time of usage (Table 4 ) along with a level of penetration of 0% as the baseline of the energy use.
As the saving potential depends on the level of penetration of the two proposed approaches, i.e., the number of households, air-conditioned and non-air-conditioned, that are willing to purchase lowenergy devices and/or reduce their time of usage, the set of upper and lower threshold of power, time of usage and level of penetration is carried out.
Upper and Lower Threshold of Penetration
The lower and upper values of power and time of use presented in the Mexican scenario can be seen in Table 6 . The values are taken from [35, 36] and were estimated based upon the Mexican National Association of Manufacturers of Domestic Devices (in the case of the power) and on surveys made by the authors (in the case of the time of usage). It is worthy to state that these values might vary due to various factors such as the brand & model of the device, and the schedule of the users. It is important to mention that the conventional ranged power of air-conditioning is stated at 1000-4000 W, illumination & appliances at 100 W (incandescent lightbulb)-1700 W (microwave oven); and refrigeration at 150-400 W [40] . In this case, it is considered that the level of penetration of the approaches is 0%. Nevertheless, this is not true since there are already dwellings that use low-power devices and reduce the time of usage. There is no data availability, however, of the percentage of application of the approaches. Hence, it is decided to take the averaged power and time of usage (Table 4 ) along with a level of penetration of 0% as the baseline of the energy use.
As the saving potential depends on the level of penetration of the two proposed approaches, i.e., the number of households, air-conditioned and non-air-conditioned, that are willing to purchase low-energy devices and/or reduce their time of usage, the set of upper and lower threshold of power, time of usage and level of penetration is carried out.
The lower and upper values of power and time of use presented in the Mexican scenario can be seen in Table 6 . The values are taken from [35, 36] and were estimated based upon the Mexican National Association of Manufacturers of Domestic Devices (in the case of the power) and on surveys made by the authors (in the case of the time of usage). It is worthy to state that these values might vary due to various factors such as the brand & model of the device, and the schedule of the users. It is important to mention that the conventional ranged power of air-conditioning is stated at 1000-4000 W, illumination & appliances at 100 W (incandescent lightbulb)-1700 W (microwave oven); and refrigeration at 150-400 W [40] .
In order to carry out the analysis upon a national scale, lower and upper values of the probable national percentage of the saving appliances saturation and the time-of-usage reduction have to be Appl. Sci. 2018, 8, 2136 9 of 17 taken into account. These percentages represent the expected number of households that implement the efficient appliances and/or reduce their time of usage. For this, the governmental programs of energy efficiency were taken account of as well as their expectance of penetration amongst Mexican dwellings [41] . The values are displayed in Table 7 . According to the two main programs of saving energy in the Mexican residential sector of the last two government administrations, i.e.,
the Program of Substitution of Electrical Devices for Energy Saving and the Program of Substitution of Incandescent Lightbulbs for Energy Saving Lightbulbs [33]
, it is expected to substitute between 300 thousand and 2 million old AC devices, the switch for efficient lightbulbs in 6 to 22 million dwellings, and the substitution of 2 to 14 million of inefficient refrigerators, all this in a period of 8 years [33] . With these figures, the lower and upper thresholds were set in Table 7 and in accordance to the goals of the existing programs.
It is important to mention that the percentages are considered the same for both the appliance saturation and the households that reduce the time of usage of their devices. This is considering that the governmental programs which encourage users to purchase more efficient appliances and to reduce their time of use (including Daylight Saving Time) do not show a clear difference between the two approaches. It is considered that the remaining percentage of dwellings uses the averaged power and time of use, in this paper taken from Table 4 .
Finally, for a simplification purpose, it is considered that 100% of the dwellings have an electrical connection, electrical appliances and at least one refrigerator. In the realistic Mexican scenario, 97% of the residential stock is connected to the national grid [42] . Out of them, 99% have at least one appliance and/or electrical illumination device, and 89% have at least one refrigerator [42].
Results
Sensitivity Analysis
Runs of the program were carried out in order to find the correspondent TAEC, considering 200 as a sufficient number of executions to analyze the variance of energy use without overloading the number of outputs. As mentioned before, the program was developed only for ranges of power, time of use and percentage of saturation below the actual values. This is considering that the governmental programs have a sort of effect amongst the residential users and thus there is a certain level of energy saving within the Mexican residential sector. Nevertheless, the program could calculate higher use than the presented in reality (54.6 TWh). This is because the program has an error rate of 2.56% with respect to the actual energy use.
Thereby, if there is a saturation of electrical devices with a level of energy efficiency, Figure 2 In Figure 5 it can be noticed that the usage of efficient refrigerators and air-conditioning has only a slight effect on the Mexican residential electricity use (maximum saving of 3.3 and 3.9 TWh, respectively) whereas the usage of efficient appliances & illumination can reduce considerably the electricity use, up to 16.01 TWh. Nevertheless, it is noticed that the probability of having an energy saving is higher if the usage of efficient devices is focused on air-conditioning and refrigerators. In other words, the usage of efficient air-conditioning units can ensure at least a saving of 1.89 TWh, and the usage of efficient refrigerators can provide a saving of 1.04 TWh. By using low-energy illumination & appliances, the probability of having a higher energy saving than low-energy airconditioning is 79%, while is 87% probable of having a higher saving than the use of low-energy refrigerators, even though there is a probability of having a higher energy use than the actual presented in 2015.
When the time of usage of the devices is reduced, Figure 6 can be constructed. Again, the electricity use is calculated with a reduction of usage not related between the three energy activities. In this case it is considered that the time of use of air-conditioning systems, illumination & appliances is reduced by switching off the devices, whereas the time of use of refrigerators is decreased by not getting hot products in, not letting the door open and not opening the door many times, therefore the compressor of the refrigerator does not work in an often manner [33] .
As for the use of efficient devices, the time reduction of usage of refrigeration and airconditioning systems does not have a high influence upon the electricity use (maximum saving of 3.3 and 2.9 TWh, respectively). There is, however, a major reduction if the appliances & illumination are decreased in their time of usage i.e., 13.15 TWh. Nonetheless, with the reduction of the usage of airconditioning ensures a saving of 1.89 TWh. Also, with the reduction of usage of refrigerators the saving would be at least 0.94 TWh. By decreasing the time of usage of illumination & appliances, the probability of having a higher energy saving than decreasing the usage of air-conditioning is only 68%, while there is a 73% chance of having a higher saving than the reduction of the use of refrigerators.
If both the power and the usage are reduced, Figure 7 is displayed. In this case the calculation of the electricity use of each energy activity is estimated in an independent manner too. In Figure 5 it can be noticed that the usage of efficient refrigerators and air-conditioning has only a slight effect on the Mexican residential electricity use (maximum saving of 3.3 and 3.9 TWh, respectively) whereas the usage of efficient appliances & illumination can reduce considerably the electricity use, up to 16.01 TWh. Nevertheless, it is noticed that the probability of having an energy saving is higher if the usage of efficient devices is focused on air-conditioning and refrigerators. In other words, the usage of efficient air-conditioning units can ensure at least a saving of 1.89 TWh, and the usage of efficient refrigerators can provide a saving of 1.04 TWh. By using low-energy illumination & appliances, the probability of having a higher energy saving than low-energy air-conditioning is 79%, while is 87% probable of having a higher saving than the use of low-energy refrigerators, even though there is a probability of having a higher energy use than the actual presented in 2015.
As for the use of efficient devices, the time reduction of usage of refrigeration and air-conditioning systems does not have a high influence upon the electricity use (maximum saving of 3.3 and 2.9 TWh, respectively). There is, however, a major reduction if the appliances & illumination are decreased in their time of usage i.e., 13.15 TWh. Nonetheless, with the reduction of the usage of air-conditioning ensures a saving of 1.89 TWh. Also, with the reduction of usage of refrigerators the saving would be at least 0.94 TWh. By decreasing the time of usage of illumination & appliances, the probability of having a higher energy saving than decreasing the usage of air-conditioning is only 68%, while there is a 73% chance of having a higher saving than the reduction of the use of refrigerators.
If both the power and the usage are reduced, Figure 7 is displayed. In this case the calculation of the electricity use of each energy activity is estimated in an independent manner too. From Figure 7 it is seen that that the combination of using efficient devices and decreasing their time of usage achieves an ensured saving of 1.93 TWh for air-conditioning and 1.12 TWh for refrigeration, this is in accordance with other studies [36, 43] . By decreasing the usage of illumination & appliances and applying efficient devices for the same activity the saving could be 17.87 TWh. By decreasing the time of usage and using low-energy illumination & appliances, the probability of having a higher energy saving than the combination of low-energy and decreasing the usage time of air-conditioning is 96%, while having a 98% chance of having a higher saving than the usage of lowenergy and reduction of use of refrigerators. In all cases, the saving rate for refrigerators and airconditioning systems is very poor, i.e., less than 7% of the total national electricity use. From Figure 7 it is seen that that the combination of using efficient devices and decreasing their time of usage achieves an ensured saving of 1.93 TWh for air-conditioning and 1.12 TWh for refrigeration, this is in accordance with other studies [36, 43] . By decreasing the usage of illumination & appliances and applying efficient devices for the same activity the saving could be 17.87 TWh. By decreasing the time of usage and using low-energy illumination & appliances, the probability of having a higher energy saving than the combination of low-energy and decreasing the usage time of air-conditioning is 96%, while having a 98% chance of having a higher saving than the usage of lowenergy and reduction of use of refrigerators. In all cases, the saving rate for refrigerators and airconditioning systems is very poor, i.e., less than 7% of the total national electricity use. From Figure 7 it is seen that that the combination of using efficient devices and decreasing their time of usage achieves an ensured saving of 1.93 TWh for air-conditioning and 1.12 TWh for refrigeration, this is in accordance with other studies [36, 43] . By decreasing the usage of illumination & appliances and applying efficient devices for the same activity the saving could be 17.87 TWh. By decreasing the time of usage and using low-energy illumination & appliances, the probability of having a higher energy saving than the combination of low-energy and decreasing the usage time of air-conditioning is 96%, while having a 98% chance of having a higher saving than the usage of low-energy and reduction of use of refrigerators. In all cases, the saving rate for refrigerators and air-conditioning systems is very poor, i.e., less than 7% of the total national electricity use.
Finally, when an integrated approach is used that involves a saturation of efficient appliances and a reduction of their time of use for all the three electrical energy activities being applied at the same time in the residential sector, Figure 8 can be plotted.
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Finally, when an integrated approach is used that involves a saturation of efficient appliances and a reduction of their time of use for all the three electrical energy activities being applied at the same time in the residential sector, Figure 8 can be plotted. As can be seen from Figure 8 , by applying an integrated approach, there is a very high probability of obtaining considerable energy savings. This in addition to existing programs such as the Mexican Daylight Saving Time program (Horario de Verano, title in Spanish), which, since 1996 has gotten a yearly average saving approximately of 1 TWh [44] .
Furthermore, the maximum energy saving is estimated at 19.67 TWh for the Mexican residential sector in 2015. With this maximum energy saving, and with an emission factor of 0.454 tons of CO2eq/MWh for Mexico [45] , it is calculated that a total of 8.93 million of tons of CO2eq could have been avoided in 2015.
Comparison with Other National Programs
Making a comparison with other national-wide scenarios, in terms of percentage of saving compared to a baseline of energy use, Table 8 can be constructed. It can be seen that the two approaches proposed in this paper achieve results with the same order of magnitude than other programs of different countries, considering that in the analyzed countries the subject of space heating has an important share of the total energy savings [46] [47] [48] [49] [50] . As can be seen from Figure 8 , by applying an integrated approach, there is a very high probability of obtaining considerable energy savings. This in addition to existing programs such as the Mexican Daylight Saving Time program (Horario de Verano, title in Spanish), which, since 1996 has gotten a yearly average saving approximately of 1 TWh [44] .
Furthermore, the maximum energy saving is estimated at 19.67 TWh for the Mexican residential sector in 2015. With this maximum energy saving, and with an emission factor of 0.454 tons of CO 2 eq/MWh for Mexico [45] , it is calculated that a total of 8.93 million of tons of CO 2 eq could have been avoided in 2015.
Making a comparison with other national-wide scenarios, in terms of percentage of saving compared to a baseline of energy use, Table 8 can be constructed. It can be seen that the two approaches proposed in this paper achieve results with the same order of magnitude than other programs of different countries, considering that in the analyzed countries the subject of space heating has an important share of the total energy savings [46] [47] [48] [49] [50] .
Limitations of the Results
It is important to mention that the results assessed in the paper have various limitations in terms of the different features of the devices (power, brand etc.), the real time of usage of the devices, and the actual penetration of the two proposed approaches. To obtain more accurate results, a deeper analysis of the time of use and the power of the devices for 30 million households should be carried out. Therefore, this analysis would require a great amount of effort and time. Nevertheless, to find out more precise results it is necessary to do so.
A National Strategy Proposal
With the estimated results of energy saving and CO 2 mitigation, a national-wide strategy is proposed in this paper. This strategy must be in accordance with the format of other programs such as the Daylight Saving Time, [51, 52] .
Despite the aforementioned programs, which are independent of each other, this strategy must be an integrated approach of these existing programs and other new programs such as the decrease of time that electrical devices are being used (not only illuminations as it is stated at the Daylight Saving Time) in order to increase the upper thresholds of level of penetration of the approaches (purchase of efficient devices and reduce the time of use) amongst Mexican residential users. Therefore, the probability to achieve higher energy savings will be enhanced.
In order to accomplish this, a bidirectional top-down and bottom-up strategy is suggested. The top sector is considered as the Mexican stakeholders namely the Mexican National Government, medium & large energy producers and consumer companies, academic & research institutes, and Non-Governmental Organizations (NGOs); whereas the bottom sector is considered to be the Mexican residential sector, namely occupants of the Mexican dwellings and local governments. Figure 9 shows a summary of the strategy. 
Limitations of the Results
A National Strategy Proposal
With the estimated results of energy saving and CO2 mitigation, a national-wide strategy is proposed in this paper. This strategy must be in accordance with the format of other programs such as the Daylight Saving Time, Despite the aforementioned programs, which are independent of each other, this strategy must be an integrated approach of these existing programs and other new programs such as the decrease of time that electrical devices are being used (not only illuminations as it is stated at the Daylight Saving Time) in order to increase the upper thresholds of level of penetration of the approaches (purchase of efficient devices and reduce the time of use) amongst Mexican residential users. Therefore, the probability to achieve higher energy savings will be enhanced.
In order to accomplish this, a bidirectional top-down and bottom-up strategy is suggested. The top sector is considered as the Mexican stakeholders namely the Mexican National Government, medium & large energy producers and consumer companies, academic & research institutes, and Non-Governmental Organizations (NGOs); whereas the bottom sector is considered to be the Mexican residential sector, namely occupants of the Mexican dwellings and local governments. Figure 9 shows a summary of the strategy. The top-down direction is reflected in three main strategies: National advertising oriented towards the residential occupants to encourage the application of the two main energy saving approaches; policies that enforce to local governments to purchase low-consumption devices, The top-down direction is reflected in three main strategies: National advertising oriented towards the residential occupants to encourage the application of the two main energy saving approaches; policies that enforce to local governments to purchase low-consumption devices, especially in efficient streetlights (although there would not be a precise calculation of the savings from this approach due to the ambiguity of their consumption in the residential sector) and tax incentives, especially towards the dwellings' users, in order to convince them to buy efficient devices, mainly.
As a result of the bottom-up strategy, it is expected to spread the good practices of saving energy within the Mexican dwellings by word of mouth based upon real assessments of the energy savings claiming therefore realistic benefits, economic for the users and environmental for the country, especially. Table 9 shows the main actions for the national strategy. As can be seen in Table 7 , the main role of energy saving for the Mexican residential sector relies on the residential occupants and the local governments, who have to apply the proposed approaches at the final stage. Nonetheless, they must aware that the probabilities of saving energy and thus of saving money are very high.
Conclusions
The energy use (electrical and thermal) within the Mexican residential sector in 2015 is analyzed here. For electrical energy only, three activities are considered by the CONUEE in Mexico: Air-conditioning, illumination & appliances, and refrigeration. To achieve this, a model that calculates the energy use of the residential sector is developed, taking account of random values of the power of the devices, the time of use and the percentage of penetration of the energy saving approaches (use of efficient appliances and reduce of the time of usage). Thereby, it is found that the highest energy saving is given by the correct use of illumination & appliances, followed by refrigeration and finally air-conditioning.
With an approach that embraces the use of efficient devices and the reduction of the time of use for the three activities, a maximum energy saving of almost 20 TWh is estimated, which is 36% of the total electricity use of the Mexican residential sector in 2015.
If the two energy saving approaches are separately applied for the three energy activities, it is found that, for both cases, air-conditioning and refrigeration have a more consistent range of savings, even the savings are lower than for illumination & appliances. If both approaches are applied in illumination & appliances, although the savings could be higher, it is very likely to achieve lower savings than those in air-conditioning and refrigeration.
Nevertheless, it is important to mention that these estimations were carried out taking into account the current governmental programs and their calculated level of penetration amongst the users. If there is more diffusion of these programs or there are more similar programs the results might be better and higher.
Hence, it is established that this paper could be a guideline for the governmental sector, stakeholders and decision makers in order to drive proper programs that encourage the efficiency use of the energy onto the Mexican residential sector, especially regarding the correct behavior of the building occupants. The approach proposed in the paper is a combined top-down and bottom-up strategy with the Mexican stakeholders at the top and the Mexican residential occupants at the bottom. This is always considering that the achieved energy savings could be reflected in financial savings towards both the government and the household's occupants. 
